Specifically, the project promoted use of key services and behaviours related to: vaccination, oral rehydration, growth monitoring, breastfeeding, nutrition, antenatal and delivery care, child spacing, clean water, malaria control and adult literacy (Save the Children 1988a,b).
An integral part of Save the Children's child survival project was a computerized HIS. The system used in Mali, ProMIS (Program Management Information System), was designed by Save the Children to collect, record, aggregate and report data needed by staff (Save the Children 1995). ProMIS is a community-based HIS that employs universal enrollment. Data are collected at the level of the individual and can be tabulated and reported at the individual or community level, the degree of community aggregation defined by the user. The HIS included data on approximately 173 000 individuals.
Lot Quality Assurance Sampling was developed in the 1920s as a tool for conducting quality assurance (Reinke 1991) . With this method, small batches, or lots, of goods being produced are randomly sampled and tested against predetermined criteria. For each sample, there is a certain number of allowable defects. If the number of defects identified in the sample exceeds the permissible number, the lot is rejected. LQAS has been used in public health to assess immunization coverage (Lanata et al. 1988; Lanata et al. 1990; Sandiford 1993; Singh et al. 1996a,b) , to monitor health-care workers' performance in administering vaccinations (Valadez and Vargas 1995) , and to track use of growth monitoring (Valadez et al. 1996) .
To gain a better understanding of the quality of data recorded in ProMIS, we used LQAS methods to estimate the overall coverage of events, to assess the quality of data recorded in the HIS, to identify health districts that need improvement in data collection methods, and to assess the usefulness of maintaining the ProMIS system for the Ministry of Health in Mali as Save the Children phased out its project (Galvao and Kaye 1994) . Coverage refers to the number of events (i.e. births, deaths and immunizations) that took place as reported by the mother, in comparison to the number of those same events that were recorded in ProMIS, irrespective of the quality (correctness) of how those events were recorded.
Methods

Programme background
In 1987, Save the Children conducted a census in Kolondieba, and attempted to enroll each household in ProMIS. Community health agents were responsible for updating the HIS regarding vital events, use of selected health services and parents' attendance at health education sessions. The health agents worked with village health committees (VHC) who kept a manual record of events at the village level. The VHCs were composed of five or six trained villagers who, under the supervision of Save the Children health agents, were responsible for conducting educational sessions on nutrition, hygiene, family planning, oral rehydration therapy and other subjects. In conjunction with nurses, they provided immunizations and growth monitoring. The VHCs recorded attendance at health educational activities and vital events, such as births and deaths, in a 'village notebook'. When the health agents arrived at the village, the VHCs notified them of activities and vital events. For vital events, the community health agents were trained to go to the home of a family who had a birth or a death and fill out a form on the circumstances of the event. Once collected, the information on vital events, pregnancies, immunizations and growth monitoring was entered into the ProMIS computer software program.
To guide programme implementation and identify individuals in need of services, rosters can be printed from ProMIS. Rosters contain the names and dates of previous immunizations and growth monitoring sessions, and can be taken into the villages to follow up with women and children who have not been immunized. The rosters also need to be updated at the village, as immunizations are available from healthcare providers other than the Save the Children health agents. The updated rosters are then returned to the ProMIS coordinator who enters new immunization data into the system. ProMIS has pre-written programs that calculate immunization coverage rates, birth rates and death rates to monitor the health status of the target population and to evaluate health interventions ; Save the Children 1995).
The study
We evaluated the quality of data collected in ProMIS in May 1998. Two hundred and eighty mothers were interviewed on the same information collected in ProMIS: demographics, reproductive history, live births, growth monitoring, deaths of children <5 years, and maternal tetanus toxoid and childhood immunizations (Table 1) . Data were collected only on the last four pregnancies, the last five live births and the last three deaths of children <5. For children >1 year of age, mothers were asked to report ages in years, and for children <1 year, in months. Data from the questionnaires were entered into EpiInfo to be compared with the ProMIS data. The data collected during the interviews were considered to be correct.
During the course of this study, it was discovered that Save the Children staff had been unable to print rosters from ProMIS since 1996 due to the lack of a working, wide-carriage printer. This had prevented the staff from updating ProMIS files on childhood immunizations, mothers' tetanus toxoid vaccinations and growth monitoring. The evaluation was thus done both with and without immunization and growth monitoring data.
Lots
Save the Children's impact area included 14 aires de santé (health areas) in the cercle de Kolondieba. For this study, each aire de santé was a lot in the LQAS.
Criteria for acceptance
We used management criteria to determine record acceptability. Thus, if 80% of the selected items of information on the ProMIS record were correct, the record was considered acceptable. If the record had between 50% and 80% of the data correct, it was considered unacceptable. If greater than 50% was incorrect, it was considered very unacceptable. A lot (20 records) was rejected if more than five of the records were considered unacceptable. The number of variables within each record varied according to the number of children the mother had, but the percentage of items that must be correct for the record to be considered acceptable remained constant (80%).
Sample
This study sought to evaluate the coverage of events and quality of data already collected in the ProMIS system. It did not attempt to determine the number of families who were not enrolled in ProMIS, or to determine the number of events not recorded in ProMIS due to non-enrollment. The sampling frame was created by exporting all of the data contained in ProMIS to EpiInfo. Then, for each aire de santé (lot), a list was created of the children <60 months of age. We used standard LQAS tables (Valadez 1991) to determine lot sample size (20) and decision rule (5). That is, if there were five or fewer rejected records in a lot, there is 90% assurance that lots that reach the 80% threshold have been correctly identified as having passed. A random sample of 20 children <60 months of age was chosen from each lot using the lists described above. Each mother was then identified in ProMIS.
Questionnaire
The questionnaire was designed to collect data on the same information collected in ProMIS (Table 1) . We asked mothers about their and their children's names, sex and ages. Using events calendars, we questioned mothers about their histories of pregnancies, live births and deaths of children <5 since 1987, the year of the initiation of Save the Children's project. In the analysis, all events taking place prior to enrollment into ProMIS were ignored. We recorded the use of growth monitoring and immunization services from household health cards.
The questionnaire was translated into French by a local translator, translated back to English by three different local translators, and then pre-tested on 12 women for comprehension, length and missing questions. The questionnaire was revised after each of these steps. The questionnaire was in French, but interviews were conducted in Bambara, the local language.
Interviewers
Six local interviewers were used to implement the study. Each had a minimum of a ninth grade education and had previous interviewing experience. The research and evaluation specialist employed by Save the Children trained the interviewers and aided in pre-testing the questionnaire. The impact area was large, approximately 9000 km 2 , so Save the Children provided each interviewer with a lowpowered motorcycle. Each interviewer had a list of 20 women and five alternates in their designated lots to be interviewed.
Analysis
The data recorded in ProMIS were compared against the information collected from the mothers. Answers from the mother during the interview were considered the correct information. For each variable, certain acceptability criteria were set up to make the comparison (Table 1) .
Two kinds of missing data were coded. Events reported by the mother but not found in ProMIS were coded as 'missing'. If an event took place in the last 6 months and was not in ProMIS, a different code was used, since a lag-time of 6 months from when an event occurred to when it was entered into the HIS was allowed.
The first step in the analysis was to compare the data for each variable from the HIS with the data from the questionnaire using the acceptability criteria. For each comparison, a new variable was created: acceptable, unacceptable or missing. The new variables were then evaluated by several different methods, as described below.
Coverage by event
A table was created showing the number of events reported only in the interview, those recorded only in ProMIS, and those that were both reported in the interview and recorded in ProMIS. This analysis did not take into account data quality.
LQAS analysis of coverage
For this analysis, the standard LQAS methods were used. In the interview mothers were asked about the number of pregnancies, births, and deaths of children <5 since 1987 or since in-migration. This number was compared to the number in ProMIS. This analysis simply compared the number of events. The analysis took into account whether the vaccination was recorded in ProMIS or not, without regard to the date. One analysis was performed with all variables, and another excluding immunizations and growth monitoring.
LQAS analysis of quality
LQAS methods assessed the quality of the data for each variable recorded both in ProMIS and on the questionnaire. Two separate analyses were done for the quality of data in ProMIS; one with all variables, one excluding immunization and growth monitoring data.
Overall estimation of coverage and quality
LQAS cannot provide an estimation of coverage for each lot with meaningful confidence intervals due to the small sample sizes. The estimates can be combined, however, to give an overall estimate. There was a large variation in lot population (range 511-1452) in this study, and so the estimates of coverage and quality for each lot were weighted according to the size of the population in respective lots.
Results
Descriptive comparison
From the data reported by the mothers, their ages ranged from 17 to 49 with a weighted mean age of 30.4 years ( Table  2 ). The ProMIS records showed their ages ranging from 19 to 63 with a weighted mean of 31.0 years. Only 10 children were reported to be less than 1 year old, due in part to the lag-time of entering data into ProMIS. Of the children older than 1 year, the weighted average age from both the interviews and 30.4 (17-49) 31.0 (19-63) n = 276 n = 280 Age of children <1 year 7.5 (3-12) 7.0 (3-12) (months) a n = 10 n = 10 Age of children >1 year 3.3 (1-5) 3.3 (1-5) (years) a n = 264 n = 270 Sex of children 45. from ProMIS was 3.3 years. All women reported having been pregnant and having had at least one live birth. The 280 women reported a mean of 3.2 pregnancies and 3.1 live births per woman, in contrast to ProMIS records for the same 280 women, which showed a weighted mean of 1.4 pregnancies and 2.8 live births. For the 280 women interviewed, 69 reported an <5 death with a weighted mean of 1.3 deaths per woman for those 69 women. In contrast, ProMIS records showed 49 of the 280 women had a <5 death with a weighted mean of 1.1 deaths per woman for those 49. The children's immunization cards showed 75.9% had a BCG, but from the ProMIS records, only 28.7% were recorded as having received a BCG.
Coverage by event
The 280 women were asked about their last four pregnancies. They reported 814 pregnancies of which 354 (43.5%) were recorded in ProMIS (Table 3 ). There were nine pregnancies recorded in ProMIS that mothers did not confirm. Forty-nine of the 460 unrecorded pregnancies took place in the last 6 months and may not have been registered due to the lag time in entering data.
When mothers were asked about their last five live births, they reported a total of 882 children, 680 (77.1%) of which were recorded in ProMIS. There were 50 unrecorded children born in the last 6 months, and 152 births that were not recorded in ProMIS. However, of the 152 unrecorded births, 66 (43.4%) were not the most recently born child. There were 100 children recorded in ProMIS that were not reported by the mothers.
For the 280 women, 69 (25.0%) reported a death of a child <5, while in ProMIS only 49 of the 280 (17.5%) women had a death recorded. The 69 women reported a total of 84 deaths, and of those deaths 30 (35.7%) were registered in ProMIS. In ProMIS, for the same 280 women, there were 55 deaths recorded. Thus, from the data reported by the mothers, the composite programme under-five mortality rate (deaths of children <60 months/1000 live births during the observation period [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] ) was 95/1000, in contrast to 71/1000 using the ProMIS data.
Growth monitoring data had the lowest coverage of events with almost none of the growth monitoring sessions reported by mothers found in ProMIS. Tetanus toxoid data were more complete with 75.7% of TT1 immunizations on mothers' vaccination cards recorded in ProMIS. However, BCG data were much less complete; only 36.4% of BCG vaccines on children's cards were recorded in ProMIS.
LQAS analysis of coverage
When all variables were assessed for coverage of event, all 14 lots, aires de santé, had more than five unacceptable records, and thus all 14 lots were rejected (Table 4) . When immunization and growth monitoring variables were excluded however, no lot was rejected.
LQAS analysis of quality
When all variables were assessed for quality of the data, six of 14 aires de santé were rejected (Table 5 ). When only demographics and vital events were considered, no lot was rejected.
Overall estimation of coverage and quality
The overall estimate of coverage of all variables was 5.0% (95% CI ± 2.9%). Among the families enrolled in ProMIS, it was estimated that 52% of all events occurring in the community were registered in ProMIS. Excluding immunizations and growth monitoring, 92% of all other events were registered in ProMIS. In terms of quality, when all variables were assessed, it was estimated that 83% of the data in ProMIS were of acceptable quality. This increased to 86% when immunizations and growth monitoring were excluded. 
Discussion
In this study, LQAS showed that the data in ProMIS were of acceptable quality as we defined it. The major problem was coverage. The events with least coverage were immunizations and growth monitoring, though deaths had poor coverage as well. Data quality, in contrast, was more inconsistent across lots when all variables were assessed.
Some data, especially vital events, were found only in ProMIS. Interestingly, the near complete absence of health services data unique to ProMIS argues against health worker falsification. Other explanations must account for vital events that were unique to ProMIS. One possible explanation is that mothers did not volunteer information on children who had died. Alternatively, at the interview mothers incorrectly recalled events as occurring before Save the Children was active in Kolondieba (1987) and so did not report them; yet, the events were recorded in ProMIS when they occurred after the arrival of Save the Children. Finally, the names and dates from records and interviews may have been so different that a match was implausible. Because the reasons for possibly not reporting data during the study are unknown, this analysis looked only at the quality and coverage of data in ProMIS. Data in the HIS, but not reported during interviews, were not counted against the quality of data in ProMIS when records were scored.
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